Forces generated by the actomyosin cytoskeleton are key contributors to the 30 generation of tissue shape. Within the cell, the actomyosin cytoskeleton organizes in 31 different types of networks, each of them performing distinct roles. In addition, 32 although they normally localize to precise regions of the cells, they are rarely 33 independent and often their dynamics influence each other. In fact, the reorganization of 34 a given structure can promote the formation of another, conversions that govern many 35 morphogenetic processes. In addition, maintenance of a specific actomyosin network 36 organization in a differentiated tissue might be equally important. Failure to do so could 37 
Introduction 63
Forces generated by F-actin networks are important contributors to the generation of 64 cell and tissue shape. The architecture and mechanical properties of the F-actin network 65 are modulated by myosin II motors and actin binding proteins (reviewed in 1 . The 66 molecular composition of contractile actin networks and bundles is highly conserved 67 among eukaryotic species 2 . Nevertheless, their organization and dynamics change 68 across different cell types, their position within the cell and the differentiation state of 69 the cell. 70
There are two main ways in which actomyosin networks can be organized within 71 the cell, as cortical two-dimensional meshworks below the plasma membrane or as 72 stress-fibers. Studies over the last decade have assigned distinct roles for these two 73 types of networks. Thus, while pulsatile contraction of cortical actomyosin meshworks 74 has been mainly implicated in the cell shape changes underlying key morphogenetic 75 processes, such as gastrulation and neural tube formation (reviewed in 3 , stress fibers 76 have been largely involved in cell adhesion, migration and mechanosensing 4 . During 77 morphogenesis, cells change the way they organize their actin networks in response to 78 intracellular signals. For example, a change in actin organization from a cortical 79 rearrangement into stress fibers is observed when cells exit mitosis or naïve 80 pluripotency or during epithelial to mesenchyme transition (reviewed in 5 . In addition, 81 transitions in actin organization can also depend on the way cells interact with each 82 other or with the extracellular environment. Thus, while cell-cell interactions promote 83 cortical actin organization, cell-ECM adhesion stimulates stress fibers formation. 84
During morphogenesis, transitions between these two different actin networks need to 85 be finely regulated in space and time, as misplaced or untimely transitions could affect 86 contrary to the direction of egg chamber rotation (Movie 1). However, and in contrast to 165 what happens in control cells, the whip-like structures did confine to tricellular 166 junctions in mutant FCs. Basal whip-like structures are enriched in F-actin and do not 167 contain myosin 11 . Analysis of myosin distribution and dynamics in wild type and 168 mys XG43 FCs in vivo, using the green fluorescent protein GFP fused to the myosin 169 regulatory light chain Spaghetti-Squash (Sqh-GFP, 24 , showed no increase in basal 170 myosin levels in the integrin mutant FCs (Fig.S1 and Movie S2). These results support 171 our hypothesis that the rise in basal F-actin levels observed in integrin depleted FCs 172 results in an increase in the whip-like structures and not to a rise in the number of 173 actomyosin stress fibers. 174
Next, we decided to analyze in more detail stress fiber formation, organization 175 and maintenance in the absence of integrins. formed by many different cell systems in culture, such as fibroblasts, epithelial and 181 endothelial cells 4 . Studies using these cell culture systems have highlighted the 182 existence of a mechanical crosstalk and interdependence between the physically 183 coupled stress fibers and focal adhesions. Stress fibers diminish when their focal 184 adhesions disassemble during cell migration and vice versa, focal adhesions 185 disassemble when stress fibers are disrupted (reviewed in 25 . 186
Although present from the beginning, stress fibers on the basal side of FCs 187 change their organization and orientation throughout oogenesis 10 . At S6 new F-actin 188 filaments become visible. From S8, these filaments extend until S9, when they cover the 189 basal surface of the cells. Up to S10A, fibers orient perpendicular to the long axis of the 190 egg chamber. By S10B they become thicker and less well oriented 10 . As mentioned in 191 the introduction, the role of integrins on the morphogenesis of the actomyosin fibers 192 present on the basal side of FCs remains somehow contentious 10, 13, 15 . Thus, we 193 decided to study this in more detail by analysing the density and morphology of the 194 actomyosin fibers throughout FC development, using Rhodamine-phalloidin and Sqh-195 GFP to visualize F-actin and myosin, respectively (Fig.2, Fig.S2 ). We found that 196 already at S8 the density of actomyosin fibers was reduced in mys XG43 FCs compared to 197 controls ( Fig.2A, A', Fig.S2A, A' ). This phenotype worsened as oogenesis progressed (Fig.2B, B', Fig.S2B , B'), so that by S10 basal stress fibers were hardly detectable 199 (Fig.2C, C' and Fig.S2C, C' ). To better visualize, them we used SiR-Actin and 200
Stimulated Emission Depletion (STED) microscopy, which allows the generation of 201 super-resolution images of F-actin networks 26 . This showed that indeed the stress fibers 202 of S10 mutant FCs were further reduced in number and length compared to controls 203 (Fig.2C, C' ). We next decided to quantify this phenotype by measuring the number and 204 morphology of stress fibers at S9, when they are fully extended in wild type FCs and 205 still visible in the mys XG43 mutant FCs. To do this, we measured F-actin staining 206 intensity across a 2μm bar centered at the basal side of FCs and identified peaks in 207 which the fluorescence intensity exceeded one standard deviation below the mean 208 intensity in the wild type (see Material and Methods). We found that the number of 209 peaks per micrometer was lower in mys XG43 FCs compared to controls (Fig.2D) . 210
Likewise, the overall intensity of F-actin in stress fibers in the mutant FCs was reduced 211 by 60% with respect to controls (Fig.2E) . Finally, using live imaging of mosaic S10 egg 212 chambers expressing either our Ubi-LifeActinYFP (Fig.S3, Movie 3) or Sqh-mCherry 213 (Fig.S4, Movie 4) , the membrane marker Resille-GFP ( 27 and containing mys XG43 FCs, 214
we found that, in agreement with previous results 15 , the preferential pulsation period of 215 both F-actin and myosin in mutant cells was reduced compared with control cells, 216 4.5min versus 6.6 ( Fig.S3C-E ) and 4.05min. versus 6.90min ( Fig.S4C-E) , respectively 217 (Movies 3 and 4). In addition, we found that mutant cells displayed a more stochastic 218 behavior than controls ( Fig.S3C and Fig.S4C ). Finally, we challenged our previous 219 model and tested if reduced F-actin levels could lead to shorten and more stochastic 220 oscillations, as well as reduced myosin levels 16 . We found this was the case (Fig.S3F-221 H), proving the robustness of the model. Altogether, our results show that integrins 222 regulate the formation, maintenance and dynamics of the basal actomyosin network. 223
224

Integrins regulate cortical F-actin levels and tension 225
Adherent mouse embryonic fibroblasts that gradually detach from the substrate 226 redistribute their F-actin from stress fibers to a more cortical position. Given that stress 227 fibres were reduced in S9 mys XG43 FCs (Fig.2) , we sought to determine whether cortical 228 actin was affected in these mutant cells. We found elevated levels of cortical F-actin in 229 the mutant FCs compared to controls (Fig.3A, A' ). To quantify this, we measured 230 cortical F-actin intensity along cell-cell contacts, using an approach similar to the one 231 described above (see Materials and Methods). Indeed, we found a 2 fold increased incortical F-actin in mys XG43 FCs compared to their wild type counterparts (Fig.3B, C) . 233
The increased levels of cortical F-actin found in mutant FCs was specific to the basal 234 side, as no difference was found apically (Fig.S5A, A' ). We next tested whether the 235 defects in cortical F-actin found on the basal side of mutant FCs was cell autonomous. 236
To do this, we generated large clones and compared cortical F-actin in mutant cells 237 surrounded by either control or mutant cells. We found that cortical F-actin levels were 238 increased in all mutant cells, suggesting that the defects in cortical F-actin due to 239 elimination of integrins are cell autonomous (Fig.S5B, B') . 240
Laser ablation of cell-cell boundaries is as an effective tool to measure 241 actomyosin contractility-based intracellular tensions 28 . To explore whether the increase 242 in cortical F-actin found on the basal side of S9 mutant FCs changed the contractility 243 state of these FCs, we performed laser ablation experiments using a UV laser beam to 244 sever plasma membranes and the cortical cytoskeleton on the basal side of both control 245 and mys XG43 mutant FCs (see Materials and Methods). The behavior of cell membranes, 246 visualized with Resille-GFP ( 27 , was monitored up to ten seconds after ablation. As a 247 consequence of the cut, cortical tension relaxed and the distance between the cell 248 vertices at both sides of the cut increased. As velocity of retraction is affected by 249 cytoplasmic viscosity 29 , we assumed viscosity in mys XG43 and wild type FCs to be the 250 same. To minimize potential effects due to the anisotropic distribution of forces in the 251 FE, cuts were all made perpendicular to the AP axis and in the central region of fifteen 252 independently cultured egg chambers. Furthermore, only vertices initially separated by 253 similar distances were considered. We found that the initial velocity of vertices 254 displacement in mys XG43 mutant FCs was two times higher than that found in control 255 cells (Fig.3D ). In addition, vertex displacement over time was also significantly greater 256 in mutant cells compared to controls (Fig.3E ). These results demonstrate that cell 257 membranes are under higher tension in integrin mutant cells. We also showed that mutant cells in ectopic layers showed polarity and cell 274 shape defects 20, 32 . These results have led us to propose that integrins might play a role 275 in regulating cell shape and polarity. However, as this analysis was mainly performed in 276 mutant cells within a multilayer, the changes in polarity and shape observed could be in 277 part due to loss of contact with the germline. Thus, to address a direct role for integrins 278 in FC shape, we focused our analysis on main body columnar cells. Using Resille-GFP 279 to delineate the cortex of FCs, we found that the basal surface of the mutant FCs was 280 smaller than that of control cells (Fig.4A ). However, we did not find any difference in 281 apical area or height between control and mutant FCs (Fig.4B, C) . 282
When cultured cells detach from the ECM, tensile loads on the cytoskeleton 283 become unbalanced, stress fibers contract and cells shrink and adopt a rounded 284 morphology 33 . In this context, the reduced basal surface found in S10A mys XG43 FCs 285 could be due to cell shrinkage. Alternatively, as FCs surface expand during stages 7 to 286 10 7, 31 , the diminished basal surface observed in the mutant FCs could also be due to 287 defective surface expansion. To distinguish between these two possibilities, we 288 measured surface area of control and mutant FCs throughout oogenesis. We found that 289 the basal surface of mutant cells did not increase at the same rate as that of controls 290 (Fig.4G ). As mentioned in the introduction, between S7 and S10, FCs undergo three 291 rounds of endoreplication and increase their size 8 . We have previously shown that 292 mys XG43 FCs located in ectopic layers fail to undergo proper mitotic to endocycle switch 293 34 . However, we found here that the nuclear size of columnar mys XG43 FCs in contact 294 with the germline was similar to that of controls ( 
Integrins control basal surface area by regulating cortical F-actin levels 301
Both stress fibers and cortical actin have been proposed to determine cell shape 302 (reviewed in 35 . Integrin mutant FCs show reduced basal surface and stress fiber number 303 as well as increased F-actin levels in the cortex. The Abelson interacting protein, Abi, is 304 a component of the WAVE regulatory complex that control actin dynamics. Its 305 elimination in FCs results in the loss of cortical F-actin, with no obvious effect on the 306 number of stress fibers 11, 36 . To investigate whether the failure in basal area growth 307 found in the absence of integrins was due to increase cortical F-actin, we expressed an 308
RNAi against abi in integrin mutant FCs. We found that expression of abi RNAi in 309 integrin FCs rescues both the increased levels of cortical F-actin and the reduced basal 310 surface (Fig.5) . As expected, the density and number of stress fibers was not changed. we noticed that while control cells grew 1.7 times from S8 to S9 and 1.8 from S9 to 329 S10, mutant cells grew 1.5 and 1.3, respectively (Fig.4G) . Thus, it seemed as if the 330 defects in growth observed on the basal surface of mutant FCs increased over time. In 331 fact, when we analysed the basal surface of FCs at later stages, S10A-B, we found 332 mutant cells in which the basal area was hardly visible (Fig.6A-B' ). Furthermore, in 333 cross sections of these egg chambers, stained with an antibody Dlg (Fig.6C, C' ), or 3Dimages of wild type and mutant FCs (Fig.6D) , it seemed as if, in some cases, wild type 335 cells extended over the basal surface of neighboring mutant ones (arrow in Fig.6C, C' , 336 D). To better understand this phenomenon, we performed live imaging of mosaic S10B 337 egg chambers expressing Resille-GFP and containing mys XG43 FCs (Fig.6E , E', Movie 338 5). We found a striking behavior of the basal surface of wild type cells contacting 339 mutant ones. We observed that, from S9 onwards, the basal surface of control cells that 340 contact mutant ones started to spread anisotropycally over the mutant cells, leading, in 341 some cases, to their disappearance from the focal plane (Movie 5). We did not observe 342 this phenotype in mosaic egg chambers containing control GFP clones (Fig.6F, F',  343 Movie 6). Anisotropic cell spreading has been proposed to polarize stress fibers 37 . 344 Accordingly, we found that, while stress fibers are poorly oriented in wild type S10B 345 FCs (Fig.6F, F' ), control FCs in contact with mys XG43 FCs oriented their stress fibers 346 preferentially towards the mutant FCs (Fig.6G, G' ). Finally, cell culture experiments 347 have shown that loss of contact with the ECM mediated by integrins results in 348 programmed cell death. However, we found that elimination of integrins in main body 349
FCs did not induce cell death, as tested using an anti-active caspase-3 antibody (Sup. 350 (Fig.6, D) . properties of motor assemblies 16 . However, we find that the spare fibers found in 392 integrin mutant FCs oscillate more stochastically than those of controls. We speculate 393 that in the context of a developing epithelium, cell-ECM interactions mediated by 394 integrins can be required to minimise stochasticity and to guarantee the control of 395 cellular tension, thus allowing the harmonized changes in cell shape required for proper 396 tissue morphogenesis. 397
We also find here that integrin mutant FCs show higher levels of F-actin in the 398 cortex and in whip-like structures compare to controls. Similarly, detachment of cells 399 from the substratum by trypsinazation causes an increase of F-actin levels in cortical 400 regions 43 . The mechanisms of redistribution of actin in fibers to a relatively uniform 401 cortex in trypsinized cells remain unclear. The building blocks of stress fibers (actin, 402 myosin and interacting proteins) are constantly exchange with a cytoplasmic pool. Thus, 403
we could propose here that as integrin mutant FCs have fewer stress fibers, there could 404 be an increase in available cytoplasmic actin, which could now transit and associate to 405 the other types of intracellular actin networks. This could also apply to proteins that 406 interact with both F-actin and integrins. For example, moesin, a FERM domain protein 407 that can bind to β1 integrin tails, it is phosphorylated upon cell detachment and it is 408 sufficient to increase cortical F-actin levels and stiffness during mitosis 43, 44 . 409 pointing to asymmetric cell spreading as a mechanism to regulate stress fibers polarity 463 37 . Data from cell culture experiments have also led to suggest that availability of free 464 space is sufficient to trigger cell migration in the absence of mechanical injury 48 . Thus, 465 as integrin mutant FCs most likely detach from the basement membrane, we would like 466 to propose that, similar to the way epithelial cells sense a breach in a tissue and act to 467 repair it, they could sense available free ECM space and cover it. In doing so, wild type 468 cells pushed integrin mutant ones inwards. Loss of α2β1 integrin expression results in 469 increased extravasation in breast and prostate cancer 49 . The phenomenon here 470 described could be a mechanism to facilitate the invasion and metastasis of tumor cells 471 with low levels of integrins. 472
Intracellular actin networks can organize in diverse patterns. In addition, 473 although they normally localize to precise regions of the cells, they are rarely 474 independent and often their dynamics influence each other. In fact, the reorganization of 475 a given structure can promote the formation of another, conversions that govern many 476 morphogenetic processes. In addition, a wide range of diseases, including neurological 477 and musculoskeletal disorders as well as cancer, result from defects in actin networks 478 assembly and uncontrolled transitions. Here, we propose that cell-ECM interactions 479 Flies were grown at 25 °C and yeasted for 2 days before dissection. Ovaries were 523 dissected from adult females at room temperature in Schneider's medium (Sigma 524 Aldrich). The muscle sheath that surround ovarioles were removed at this moment. 525
After that, fixation was performed incubating egg chambers for 20 min with 4% 526 paraformaldehyde in PBS(ChemCruz). Samples were permeabilized using PBT 527 
Image processing and data analysis 560
For quantification of basal myosin and actin dynamics over time, maximal 561 projections of confocal stacks were produced to cover for egg chamber curvature. 562
Integrated intensity of myosin and actin were quantified for manually selected regions 563 using ImageJ software. The background value taken from cell-free regions was 564 subtracted from all data series. Data were subjected to Gaussian smoothening with s=3, 565 σ=3. The distribution of oscillation periods was obtained by measuring the intervals 566 between each pair of two adjacent peaks. Actin and myosin intensity changes in both 567 wild type and mys mutant cells were obtained by averaging the difference between the 568 maximum and the minimum fluorescence intensity for each oscillation. To calculate the 569 period of myosin and actin oscillation, a Matlab script described in 16 was used to 570 measure the power spectrum density of the signal using one-dimensional Fourier 571 transform of the autocorrelation function. 572
Number of stress fibers was calculated using ImageJ software. First, the entire 573 basal surface of the cell, excluding the cortical region, was outlined. Then, a line 574 extending across this basal surface, on its central region, perpendicular to the actin 575 bundles was drawn. "Plot profile" tool was employed to quantify the fluorescence 576 intensity of the peaks along this line. To quantify peaks in mutant FCs, only peaks 577 greater than one value of SD below the mean intensity of those found in wildtype cells 578 were considered. Number of peaks within a cell divided by the cell area was used to 579 compute peak density (Number of picks/μm). Measurement of whole fluorescence 580 intensity was done by dividing the mean of all included pixels intensity by the outlined 581 cell area. Since we needed to adjust laser intensity in each sample to properly visualize 582 actin bundles, due to staining heterogeneity, the ratio between the fluorescent intensities 583 of mys and wild type cells was plotted. 584
To determine cortical actin intensity across cell edges, custom 2-micrometers-585 long scripts in Image J were used. Most representative curves of actin fluorescence 586 intensity at each point along the script were used to show the magnitude and distribution 587 of actin at the cell edges. The whole fluorescence intensity along the script was 588 normalized with respect to wild type values. 589
Cell area data were calculated using Imaris (Bitplane). The whole basal surface 590 of the cell was outlined using Resille-GFP as cell membrane marker. 
